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Abstract

Introduction

Unhealthy lifestyles may hinder bariatric surgery outcomes. This non-randomized controlled
study aimed to evaluate the effects of an integrated post-operative exercise-based educa-
tional and motivational program in improving behaviors, quality of life, anthropometric fea-
tures, cardiorespiratory and physical fithess in bariatric patients respect to the only surgical
intervention.

Methods

A group of adult sedentary bariatric patients chose to attend a 12-month exercise program
integrated with diet education and motivational support, or to receive usual care. Dietary
habits, binge eating disorder, physical activity, obesity-related quality of life, Body Mass
Index, waist and hip circumference, VO.max, strength and flexibility were assessed at the
start and at the end of the study in both groups.

Results

On a total of 82 patients enrolled, follow-up measures were obtained from 28 (85.7%
females, mean age 38.248.7) and 42 (71.4% females, mean age 40.2+9.5) patients
included in the intervention and control group, respectively. All the behavioral and physical
outcomes improved significantly in the participants to the intervention, while the control
group showed lesser changes, especially regarding quality of life and physical fitness.

Conclusions

Notwithstanding the self-selection, these results suggest that a timely postoperative behav-
ioral multidisciplinary program for bariatric patients may be effective in establishing healthy
behaviors which can lead to better surgery outcomes.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241336  October 29, 2020

1/15


https://orcid.org/0000-0002-0504-9562
https://orcid.org/0000-0001-7491-0726
https://doi.org/10.1371/journal.pone.0241336
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0241336&domain=pdf&date_stamp=2020-10-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0241336&domain=pdf&date_stamp=2020-10-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0241336&domain=pdf&date_stamp=2020-10-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0241336&domain=pdf&date_stamp=2020-10-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0241336&domain=pdf&date_stamp=2020-10-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0241336&domain=pdf&date_stamp=2020-10-29
https://doi.org/10.1371/journal.pone.0241336
https://doi.org/10.1371/journal.pone.0241336
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Post-operative lifestyle intervention for bariatric patients

Introduction

Currently, the epidemic of obesity represents a public health challenge and many efforts are
required to control its determinants, mainly unhealthy diet and physical inactivity [1, 2]. Per-
sons with obesity have an increased risk of developing chronic medical conditions, such as
metabolic and cardiovascular diseases, and they are often affected by a lot of psychological and
physical limitations [3]. In particular, the excess fat which is often associated with low levels of
physical activity in these persons may result in reduced cardiorespiratory fitness, muscular
strength and flexibility, with consequent low functional capacity to execute daily activities [4,
5]. Treatment of obesity includes pharmacologic and behavioral approaches, and surgery for
morbid and severe cases [6]. Bariatric surgery is currently the most effective method to obtain
sustained weight loss and remission or improvements of comorbid conditions, such as dyslipi-
demia, hypertension, type II diabetes, and obstructive sleep apnea [7-9]. However, the achieve-
ment and the durability of surgery outcomes may be hindered by psychosocial aspects or
persisting unhealthy behaviors, leading to failure of primary interventions and following reop-
erations [10-12].

Several studies reported a high prevalence of psychological disorders and eating disorders
in bariatric surgery candidates, which may be associated with greater difficulties in the adapta-
tion to the new condition after surgery [13-15]. Literature shows that the identification and
treatment of these disorders in the post-operative period can improve eating habits, surgery
outcomes and patients’ quality of life [16-20].

In addition, the stability of weight loss after surgery may be influenced by behavioral factors
such as compliance to the new nutritional regimen and to an active lifestyle, as recommended
by guidelines [10, 11, 21, 22]. As for nutritional counselling, it was shown to be effective in
attenuating weight regain after surgery [23].

Physical Activity (PA) is widely recognized as an effective instrument and recommended as
an important component of multidisciplinary care programs aimed to improve psycho-physi-
cal conditions and surgery outcomes in bariatric patients [21-24]. In particular, exercise-based
programs were shown to be successful in increasing weight loss, metabolic health, cardiorespi-
ratory fitness and functional capacity after surgery [25-30]. However, exercise-based interven-
tions are often focused exclusively on training to prevent weight regain and do not include
motivational nor educational programs that may support patients in adopting new healthy
behaviors, in order to guarantee the long-lasting maintenance of weight loss. Furthermore, lit-
tle is known about the possible effects of these interventions in improving muscular strength
and joint flexibility of bariatric patients beyond their weight condition [24].

Literature shows that, when implemented, exercise-based educational interventions are
effective in improving weight loss maintenance in the post-operative period: therefore, struc-
tured multidisciplinary interventions including the contribute of various figures (surgeons,
dieticians, psychologists, and movement experts) may provide to the patients the needed sup-
port and education to maximize the success of surgery [10, 29, 31-33]. However, these inter-
ventions are few, often performed several months after surgery, and they involve mainly
patients who reported weight regain or a reduced weight loss [34-36]. Furthermore, similar
multidisciplinary interventions are not routinely adopted in the clinical practice, as in Italy as
in other countries.

The aim of the present study was to evaluate the effects of an integrated post-operative exer-
cise-based educational and motivational program implemented immediately after surgery
on lifestyles, quality of life, anthropometry, cardiorespiratory fitness, muscular strength and
flexibility respect to the only surgical intervention in a sample of Italian sedentary bariatric
patients.

PLOS ONE | https://doi.org/10.1371/journal.pone.0241336  October 29, 2020 2/15


https://doi.org/10.1371/journal.pone.0241336

PLOS ONE

Post-operative lifestyle intervention for bariatric patients

Methods
Study design

This was a prospective, controlled and non-randomized study performed over the years 2016-
2019 at the Evangelical Hospital Villa Betania in Naples. Participants were recruited progres-
sively since November 2015 to March 2017; follow-up took place since March 2016 to January
2019.

The institutional review board of the Hospital Villa Betania approved the study protocol.
The investigation was carried out in compliance with the ethical principles of the Helsinki
Declaration for medical research involving human subjects. A written informed consent was
obtained by all the participants and the anonymity of personal data was guaranteed. The study
was registered to the ISRCTN registry with the identifier ISRCTN95430070.

Setting and participants

Adult sedentary subjects who had undergone a first bariatric intervention no more than 6
months before the start of the intervention were considered. Individuals reporting any physical
limitation due to underlying conditions such as cardiovascular or musculoskeletal (including
arthritis) disorders, substance dependence, pregnancy, cognitive or psychiatric disorders were
excluded. The eligible patients were invited to take part to the study in the hospital during the
routine post-operative examination with the bariatric physician by a researcher who presented
the aims and the design of the study. Those who accepted to participate in the study were not
randomly allocated in the intervention or in the control group: patients who wanted to and
could participate in the scheduled activities underwent the multidisciplinary intervention;
those who did not want or were unable to take part in the proposed meetings because of other
commitments, but were available to provide their clinical and physical information, underwent
treatment as usual (TAU) and constituted the control group. TAU protocol consisted of a
meeting with bariatric surgeon at 1 month and at 12 months after surgery. During these meet-
ings patients received advice regarding diet and PA. They could see a dietitian upon request.

TAU patients were progressively matched to intervention patients in order to obtain at
least a 2:1 ratio. Considering an expected difference in weight loss between groups of at least
14 kg [31], the recruitment of at least 6 patients was needed to obtain a power of 90% with a
95% CL

Intervention

The intervention included an exercise program, a dietary educational program, and motiva-
tional support. All these activities were free of charge and were provided for twelve months by
the same staff in a hospital gym facility.

The exercise program consisted of 60-minute training sessions carried out two times per
week and supervised by exercise specialists with expertise in adapted physical activity. Training
protocols were developed on the basis of the American College of Sports Medicine guidelines
for persons with obesity and tailored to participants’ conditions; the intensity of exercise was
periodically increased according to the advances of the subjects [37]. Each session consisted of
five phases: warm-up (10 min) including continuous walking or marching and exercises for
joint activation; aerobic training (25 min) consisting of moderate and high-intensity brisk
walking targeted at the level 4 (“somewhat strong”) of the 10-grade Borg’s Resting Perceived
Exertion (RPE) scale or at 50-70% of maximum heart rate; exercises (15 min) to enhance
strength of lower and upper limbs at 70-85% of repetition maximum (2 exercises, 3 sets of 12
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repetitions); cool-down phase with agility/balance exercises (5 min) and flexibility static and
dynamic exercises (5 min) [38].

The motivational program was carried out through periodical series of bi-weekly group
meetings lasting 90 minutes and guided by a psychologist with expertise on motivational inter-
viewing for behavior change. The first sessions were focused on the reciprocal introduction of
participants and on their barriers, problems and readiness for behavior change; subsequently
their thoughts, attitudes and beliefs regarding PA and diet were explored. In the course of the
program, according to the social cognitive theory, patients were asked to set personally-mean-
ingful goals, providing feedback, and exploring current and imagined futures regarding life-
styles in order to increase their psychological skills and enhance their self-efficacy [39]. The
nutritional program was conducted through monthly group meetings lasting 90 minutes with
a trained nutritionist. It was structured in a first phase aimed to investigate the nutritional hab-
its of participants and in a subsequent intervention including the discussion of the effects of
diet on weight management and the suggestion of healthy food choices and solutions to man-
age nutrition through an adequate daily distribution of meals and nutrients. In particular, the
Mediterranean diet pattern was recommended as healthy eating model. Patients were encour-
aged to eat breakfast, to reduce intake of high energy density foods, and to identify individual-
ized, short-term goals following the principles of the SMART (specific, measurable, attainable,
realistic, and timely) goal setting. The importance of weight loss maintenance in order to
improve both health and body image was also emphasized. Patient-centered behavior modifi-
cation techniques such as self-monitoring, self-evaluation, goal setting, reinforcement, stimu-
lus control, and relapse prevention were used in both programs [31, 33, 35].

TAU protocol for control patients consisted of periodical routine medical examinations
by the surgeon. TAU patients were contacted by phone to participate to follow-up after 12
months since their recruitment.

Outcomes

Sociodemographic features were collected for all the subjects who adhered to the study.

All the following outcomes were measured at the start (T,) and at the end (T,) of the
12-month intervention in participant and control patients in the same facility where the activi-
ties took place. All the measurements were performed by investigators who were blinded to
the participants.

Behavioral outcomes and quality of life. Dietary patterns of participants were estimated
by asking them to record the type and amount of food and beverage consumed for 7 days
before Ty and T;. The frequency of food groups consumption was quantified in terms of
number of servings per day (fruits, vegetables, cereals, and sweets) or week (meat, fish, dairy
products, and eggs); the number of the days in a week patients consumed breakfast was also
evaluated.

In order to explore eating behaviors and feeling/cognitions regarding binge eating episodes,
we administered to both groups the 16-item Binge Eating Scale (BES), an instrument usually
employed to assess the severity of binge eating among obese persons [40]. Three-four possible
answers were proposed for each question, and a numerical value (0-3) was attributed to each
of them. The presence of binge eating disorder (BED) was indicated by a BES cut-score of >17
(i.e., moderate/severe binge eating) or >27 (i.e., severe binge eating) [41].

The levels of habitual PA were assessed through the short format of the International Physi-
cal Activity Questionnaire (IPAQ) [42], which assesses the total energy expenditure per week
by considering minutes spent on vigorous/moderate-intensity activities and walking. The
IPAQ total score was expressed in MET-minutes/week.
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The Obesity-Related WELL-being questionnaire (ORWELL-97) was administered to all the
participants in order to detect possible variations in obesity-related quality of life and particu-
larly to analyze their attitude towards PA [43]. The questionnaire included 18 items and is
aimed to measure the importance attributed by subjects to a series of determinants related to
quality of life (“relevance”) and the difficulties regarding these aspects that they actually per-
ceived (occurrence) in relation to the overweight condition. The possible answers were “not at
all”, “just a little”, “not so much” and “much”. A progressive number from 0 to 3 was attributed
to each of these answers; the total score gave a measure of the quality of life in both participants
and controls. A score in the ORWELL-97 questionnaire > 70 was considered indicative of a
clinically significant burden of obesity on quality of life [44].

Physical outcomes. Variations in BMI were investigated by measuring height and weight
using a medical-certified scale and a stadiometer. Waist and hip circumference (WC, HC)
were assessed using a non-stretchable tape and expressed in centimeters to the nearest 0.1 cm.
WC was measured at the end of a normal expiration between the lowest border of rib cage and
the upper border of iliac crest; HC was measured at the widest part of the hip, at the level of
the greater trochanter.

Cardiorespiratory fitness was evaluated through the estimation of VO,max, which repre-
sents the highest amount of oxygen an individual can take in and utilize to produce ATP
aerobically during exercise. The Rockport 1-mile walking test (RWT), which is the most com-
monly used field test to assess cardiorespiratory fitness and to predict aerobic fitness, was used
to this aim [45]. Briefly, participants were asked to walk 1.6 km (one mile) as quickly as possi-
ble and their heart rate was collected via palpation immediately upon the completion of the
path; the VO,max value was estimated through a formula that includes participants’ body
weight, age, gender, time to complete one mile, and post-exercise heart rate [46]. VO,max was
expressed as mL/kg min.

The strength of lower limbs was evaluated through the chair squat test. Participants were
asked to squat down from the standing position until they lightly touch a chair with their back.
The number of repetitions performed by participants was considered as outcome [47]. A
hydraulic hand dynamometer (Saehan-SH5005, Glanford Electronics Ltd, Scunthorpe, UK)
was employed to assess muscle strength of upper limbs (grip strength). Three measurements
were performed for each participant’s arm at each collection time; the mean obtained was
expressed in Kg [37].

In order to detect possible changes in flexibility, participants’ passive Range of Motion
(ROM) of shoulder, elbow, ankle and knee joints was assessed through a standard goniometer
and expressed as degrees [48]. All joint motions were moved to their full extent and measured
bilaterally; the joint RoM was measured to the nearest one degree.

Statistical analyses

A descriptive analysis was carried out to evaluate the sociodemographic characteristics of the
two groups at the start of the study. Age was expressed as mean value + SD, while gender, edu-
cation level and type of surgical intervention were expressed as number and percentage. Con-
tinuous variables were compared between groups through the Student’s ¢ test for independent
samples, while categorical variables were compared using the chi-square test.

The mean number of servings consumed per day or week + SD for each food type and the
mean number of breakfasts consumed per week + SD were calculated for each group.

The mean BES values + SD reached by intervention and TAU groups at the two times were
calculated.
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The mean IPAQ total score + SD was calculated to express the medium level of habitual PA
at the beginning and at the end of the study in both groups.

As for the quality of life, the mean total scores of the ORWELL-97 + SD obtained from the
two groups at the two times were calculated.

Physical outcomes measured at T and T, for each group were reported as mean
values * SD.

All the variables were tested for normality through the Shapiro-Wilk test. Within-group
changes from baseline to follow-up were analyzed using the Student’s ¢ test for paired samples
or the Wilcoxon Signed-Ranks test depending on the variables distribution. The comparisons
between groups were carried out through the ANCOVA, using age, gender and baseline values
of the dependent variable as covariates and including all their interaction terms in the models.

Statistical significance was declared at the 0.05 level. Statistical analyses were performed
with the software IBM SPSS version 26 for Windows (Armonk, NY; IBM Corp., USA).

Results

Fig 1 shows the flow-chart for the enrollment of participants to the investigation. On a total of
384 subjects who underwent a bariatric intervention in the considered period, 160 eligible
patients were progressively invited to take part to the study. Of the 82 patients who accepted to
participate, 30 constituted the intervention group and 52 composed the TAU group. The mea-
surements of all the outcomes were obtained at the start of the study and at follow-up for 28
(85.7% females, mean age 38.2+8.7) and 42 (71.4% females, mean age 40.2+9.5) participants
from the two groups respectively. The advanced reasons for dropping out at follow-up mea-
surement were mainly logistic and organizational for individuals from both groups. No
adverse events nor unintended effects were registered.

Age, sociodemographic characteristics and type of surgical intervention were not signifi-
cantly different between the two final groups (Table 1).

As for the diet, at the end of the intervention significant changes regarding fruits, vegeta-
bles, and sweets consumption were observed in the intervention group; TAU patients showed
only a significant decrease in sweets consumption (Fig 2).

Enrollment

Assessed for eligibility (n=384)

Excluded (n=302)
= Not meeting inclusion criteria (n=224)
- Declined to participate (n= 78)

| Agreed to participate (n=82) |

I
| o l

| Allocated to intervention group (n=30) Allocated to TAU group (n=52) ‘

Follow-Up

| Lost to follow-up (drop-out) (n=2) Lost to follow-up (not available) (n=10) |
L

.
Analysis
| Analysed (n= 28) Analysed (n=42)

Fig 1. CONSORT flow-chart for enrollment, allocation, follow-up and analysis of participants to the study.
https://doi.org/10.1371/journal.pone.0241336.9001
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Table 1. Baseline characteristics of intervention and control groups.

Intervention (n = 28) TAU (n = 42) P
Gender n (%) 24 F (85.7) 30F (71.4) 027
4M (14.3) 12 M (28.6)
Age mean value + SD 38.248.7 40.2+9.5 0.37°
Educational level n (%)
« Middle school 8(28.6) 10 (23.8) 0.34*
« High school 20 (71.4) 29 (60)
« University degree 0(0) 3(7.1)
Type of surgery n (%)
« LSG 18 (64.3) 23 (54.8) 0.83%
« LAGB 10 (35.7) 19 (45.2)

TAU: Treatment As Usual; LSG: Laparoscopic Sleeve Gastrectomy; LAGB: Laparoscopic Adjustable Gastric Banding.

2 7 test.

bStudent’s ¢ test.

https://doi.org/10.1371/journal.pone.0241336.t001

The presence of BED was diagnosed at the start of the study in the majority of the patients
who accepted to participate to the intervention (4 with moderate BED, 20 with severe BED)
and in all but two of the control patients (10 moderate, 30 severe). At the end of the study, only
one among treated patients showed moderate BED, while 25 moderate and 10 severe BEDs
were found among TAU patients (p<0.01). Table 2 shows the differences in mean BES values
between the two groups at the two times.

fruits vegetables cereals sweets meat fish dairy eggs breakfast
products

=) ~

L

(V8]

frequency of consumption per day/week
ro =

—

EINTERVENTION T0 ®INTERVENTION T1 B CONTROL TO CONTROL T1

Fig 2. Dietary habits of participants to the intervention and controls at the start (T,) and at the end (T,) of the study. *Statistically
significant difference between times from Student’s ¢ test.

https://doi.org/10.1371/journal.pone.0241336.9002
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Table 2. BES, IPAQ and ORWELL-97 mean values at T and T, in both groups with related p and R squared values from ANCOVA.

Intervention (n = 28) TAU (n = 42) R p (ANOVA)
Item mean + SD Ty T, Ty T,
BES 30.8+7.5 13.243.4* 29.8+4.8 20.4+7.5% 0.74 <0.01
IPAQ (MET-min/week) 439486 652+53" 482493 507+101* 0.85 <0.01
ORWELL-97 79+5.3 62.5+5.1% 80.145.7 79.8+5.9 0.89 <0.01

BES: Binge Eating Scale; IPAQ: International Physical Activity Questionnaire; ORWELL-97: Obesity-Related WELL-being questionnaire.
*Statistically significant intra-group difference between times

https://doi.org/10.1371/journal.pone.0241336.t002

As for the IPAQ score, the increase of habitual PA levels reported by participants to the
intervention at the end of the study was significantly higher than that of controls (Table 2).

Regarding the quality of life, at the start of the study quite all the patients enrolled perceived
a high burden related to their weight status, showed by an ORWELL-97 score >70; at T; only
3 patients from TAU group reported a score lower than 70, while all the patients but one who
took part to the intervention showed a score under this threshold value. Table 2 shows the
changes in the total mean scores obtained from ORWELL-97 questionnaire administered to
participants to the intervention and TAU patients at the two collection times.

Table 3 shows the differences of the outcomes related to anthropometry, cardiorespiratory
fitness, strength and flexibility measured at the start and at the end of the intervention in both
groups with R* and p values related to the comparisons between the two groups.

The considered variables showed a general improvement at the end of the year respect to
baseline values in both groups, with the only exception of lower limbs strength in controls;
however, the changes were more consistent and significant in the intervention group, espe-
cially for hip circumference and flexibility outcomes. The differences registered between
groups were all significant.

Discussion

This study was aimed to demonstrate the feasibility and the efficacy of an exercise-based pro-
gram integrated with dietary education and motivational support in improving lifestyles, qual-
ity of life, anthropometric features and physical fitness of bariatric patients immediately after
surgery.

Patients who chose and then participated to the nutritional intervention reported improved
dietary patterns, consisting of an increased daily consumption of fruits and vegetables and a
reduced use of sweets; the habit of having breakfast every day was also increased respect to the
start of the intervention. Conversely, only a consistent reduction in sweets consumption was
observed in control patients. This is in line with other studies which testify the need of struc-
tured educational interventions regarding diet rather than recommendations only to facilitate
weight loss in bariatric patients [49, 50].

As for binging attitude, participants to the intervention showed a consistent improvement
in BES and a remission of the disorder was observed in all but one of them, while controls did
not reach these levels. This testifies that TAU patients did not increase their control and aware-
ness about the amount of food, while patients who sought the educational/motivational inter-
vention increased those psychological skills that are needed to change eating behaviors over
the long term [35]. The diagnosis and treatment of eating disorders are fundamental to
enhance and maintain the surgery effects: the best strategy is to educate patients regarding the
amount, consistency and variety of their food in order to improve their nutrition, and to sup-
port them with cognitive behavioral strategies to reinforce healthy eating habits and encourage
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Table 3. Mean values + SD of physical outcomes before (T,) and at the end (T;) of the intervention in participants and control patients with corresponding R* and
p values.

Outcome Ty (mean + SD) T, (mean + SD) A R’ P
BMI (kg/mz) 1 33.8+5.1 30.1+3.8 -3.7* 0.69 <0.01
TAU 333+28 319+53 -1.4*
WC (cm) 1 105+ 8.7 98.2+7.5 -6.8* 0.85 <0.01
TAU 104.8 £ 8.1 101.8 £ 8.2 -5*
HC (cm) 1 103.5+8 94.8 + 8.1 -8.7F 0.81 <0.01
TAU 103.1+£7.1 102+£7.7 -4.1
Estimated VO,max (ml/kg/min) 1 20.2 £ 4.8 382+54 18* 0.81 <0.01
TAU 189+ 10 233+11.1 4.4*
Sit-and-stand (n. of repetitions) 1 51.8 £21.2 98.8 +26.5 47* 0.96 <0.01
TAU 49.2+£19.1 479 £13.6 -1.3
Grip strength (kg)
right hand I 329+ 10.5 49.2 £15.1 16.3* 0.98 <0.01
TAU 328+ 11.9 34+11.6 1.2%
left hand 1 31.9+9.7 456+ 134 13.7* 0.98 <0.01
TAU 31.7+11.3 319+ 11.5 0.2*
Shoulder RoM (degree)
extension
right 1 31.8+4.8 41.9+43 10.1* 0.99 <0.01
TAU 325+7.6 335+7.6 1*
left 1 31.5+£6.5 44.3 £ 4.8 12.8* 0.95 <0.01
TAU 32.8+5.1 33+£7.9 0.2
Elbow RoM (degree)
extension
right 1 121.7£224 153.8 £ 10.8 32.1* 0.88 <0.01
TAU 122.3 £21.8 129.6 £ 21.5 7.3*
left 1 125.6 £ 249 154.8 £ 16.5 29.2* 0.85 <0.01
TAU 125.7 £ 259 127.9 £ 25.8 2.2
Ankle RoM (degree)
flexion
right 1 71.8 £16.3 97.2+14.8 25.4* 0.74 <0.01
TAU 79.8 £10.8 83.4 £10.8 3.6*
left 1 71.4+£10.3 96.1 +12.6 24.7¢ 0.78 <0.01
TAU 72.6 £ 11.2 76.6 £ 12.6 4*
extension
right 1 15.1+£3.9 199+1.5 4.8* 0.94 <0.01
TAU 13.7+2.7 13.8+£2.9 0.1
left 1 149 £ 4.1 199+1.9 5* 0.68 <0.01
TAU 144+22 156 £3.9 1.2*
Knee RoM (degree)
right 1 187.2+4.7 1739+ 3.9 -13.3* 0.69 <0.01
TAU 1869 £2.5 185.6 + 4.8 -1.3
left 1 186.8 £2.8 180.4 £ 3.7 -6.4* 0.48 <0.01
TAU 186.7 £2.9 185.4+ 3.3 -1.3

I, Intervention group, n = 28; TAU, Treatment As Usual group, n = 42; A, differences between times; BMI: Body Mass Index; WC: Waist Circumference; HC: Hip
Circumference; RoM: Range of Motion.
*Statistically significant intra-group difference between times

https://doi.org/10.1371/journal.pone.0241336.t003
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mindful eating. This can be done only through the integrated work of a health care team,
where nutritionists and psychologists collaborate to support patients in their perioperative and
postoperative path [51].

Quality of life improved significantly among the subjects who participated to the interven-
tion, while no similar improvements were registered in the control group, suggesting that
bariatric surgery alone may not be sufficient to this aim. These findings are in line with a sys-
tematic review which reported a strong evidence for the effects of psychosocial interventions
on eating behaviors (e.g. binge eating) and psychological outcomes (e.g. quality of life) of bar-
iatric patients [52].

Participants to the intervention increased also their levels of habitual PA. This confirms the
effectiveness of an exercise-based motivational program in supporting sedentary individuals to
adopt an active lifestyle, which is fundamental to maintain weight loss over time after surgery
[24-27].

As for the physical outcomes, weight loss between the start and the end of the study was
greater among participants to the intervention than among TAU patients. This allows to
hypothesize that the behavioral changes induced by the lifestyle intervention were effective in
preventing long-term weight regain. In fact, the most common causes of weight regain after
bariatric surgery are the return to pre-operative eating habits, lack of exercise, or psychological
issues [11]. Therefore, it is opportune that in the post-operative period bariatric patients
receive personalized training programs integrated with health education on diet and exercise
and a psychological support which can motivate them to change behavior and help them to
address possible disorders [53, 54]. In this perspective, the motivational interviewing
approach, by enhancing the autonomy of the patient in make behavior choices on the basis of
his own motives with the collaboration of the therapist, may be effective in determining the
durability of these programs [55]. With regards to this, it should be noted that the intervention
described in this study was structured in group meetings and did not include personalized
counselling. The use of individual sessions might have avoided possible patients’ inhibition to
express their feelings to the group, leading to better results.

The intervention group showed also better improvements than controls in the other physi-
cal outcomes considered. These differences were registered both in anthropometric measures,
which are directly related to weight loss, and in cardiorespiratory fitness, strength and flexibil-
ity, testifying the role of exercise in enhancing physical function of bariatric patients. The
improvements registered among TAU patients testify the role of surgical intervention in
improving the physical conditions of patients; however, the greater and significant changes
shown by participants to the educational intervention suggest that an integrated post-operative
support may further improve these aspects, as reported by other studies [24-29].

This study has some important limitations. First of all, the lack of randomization could
have generated a selection bias in the constitution of the two patients’ groups, favoring the par-
ticipation to the intervention by individuals more inclined for physical activity or better dis-
posed to share their personal information. This consideration is also supported by the lower
dropout registered among the participants to the intervention. The self-selection bias might
have allowed to obtain a higher follow up rate and better outcomes in the intervention group
than in the controls. However, it should be noted that many compliant subjects had to decline
the invitation to participate to the proposed activities, or did not take part to the follow up
measurements, due to their work or family duties. Moreover, since the exercise program was
performed through group sessions and the proposed activities were not adapted to the charac-
teristics of each participant, a consistent number of patients with certain cardiovascular condi-
tions or musculoskeletal disorders requiring an individualized approach were excluded from
the study. Unfortunately, these categories represented about the 70% and the 25% of the non-
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eligible patients respectively, and this would affect the external validity of the study. Conse-
quently, the sample size was small and did not allow to analyze the outcomes with respect to
the type of surgery. Considering that the magnitude and durability of the effects of Sleeve Gas-
trectomy and Laparoscopic Gastric Banding can be considerably different, this variable could
have influenced the results [2]. Finally, the fitness tests used in this study were practical and
likely to be used in clinical and fitness settings, but they were not highly objective and can be
affected by pacing and failure to provide maximal effort, both of which would likely be
improved in participants to the behavioral intervention. Therefore, it cannot be excluded that
the improvements registered in the post- versus pre-intervention might not have been as large
if more precise testing tools had been used.

Due to these limitations, the present investigation cannot allow to express definitive conclu-
sions. In particular, the non-randomized design of the study limits the representativeness of
our sample and the generalizability of our results. Further studies involving wider, randomized
samples of patients are needed to confirm our findings.

However, the obtained results testify a general improvement in several aspects related to
physical and psychological conditions of subjects who participated to the intervention. This
indicates that the timely implementation of a structured program which integrates educational
and motivational paths with exercise paths, providing patients with correct information
regarding diet and physical activity, and supporting them in facing the physical and psycholog-
ical changes following surgery, may be effective in establishing healthy behaviors which can
lead to better surgery outcomes.

The early identification of wrong beliefs, lack of knowledge and possible psychological dis-
orders which determine unhealthy lifestyles in obese patients seeking for bariatric surgery may
be fundamental to address their post-operative behaviors through a comprehensive approach
targeting diet, physical activity and psychological disorders. The review by Kalarchian and
Marcus [56] and the systematic review by David et al. [52] indicated that the optimal time to
initiate these interventions is soon after surgery, before significant weight regain has occurred
[56]. In our study, patients were invited and directed to the activities at 1 month after surgery.
This timing was probably fundamental in determining the benefits of the lifestyle intervention
and should be considered in programs aimed to the prevention of weight regain after surgery.
A follow-up study will be useful to evaluate the long-term stability of these effects.

Conclusions

This study suggests that a timely post-operative lifestyle intervention may be useful for bariat-
ric patients in order to help them in enhancing and maintaining surgery outcomes. As the
recourse to bariatric surgery is becoming very common, it is fundamental that it could be con-
sidered a starting point for the establishment of a healthy lifestyle rather than an ending goal in
obesity treatment. In this perspective, a multidisciplinary team composed by different profes-
sionals who sustain patients in adopting new behaviors may be fundamental in order to guar-
antee the long-term effectiveness of the surgical intervention. Adapting the post-operative
support to the individual health and organizational needs of the patients may enhance their
compliance. Due to the limitations related to the sample self-selection adopted in our investi-
gation, further controlled randomized studies in this direction are needed.
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